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All pending claims are reproduced below for the convenience of the Examiner. Claims 
which have been changed by this amendment are indicated as "amended." 

Please cancel^claims 1 ^without prejudice. 



* X (amended) An apparatus for interfacing the motion of a user-manipulable object with 
[an electrical system] a host compu ter, the app aratus comprising: 

a [gimbal] linkage mechanism providing two degrees of freedom to an object engaged 
with said [gimbal] linkage mechanism about two axes of rotation, [said object being coupled to 
said gimbal mechanism at about the intersection of said two axes of rotation] sajdjinkage 
mechanism including at least two memh ers rotatahly coup led tn earh ntw 

an actuator for generating a force [along] inone_of said [first degree] degrees of freedom 
of said [gimbal] linkage mechanism; and 

a friction drive mechanism coupled between said actuator and said [gimbal] linkage 
mechanism, wherein said force from said actuator is transmitted to said [gimbal] linkage 
mechanism through frictional contact of a^luraHtyof members of said friction drive mechanism, 
wherein said members include a d rive roller and a m oveable memW having a ^ ? nrtinn 



frictional contact with said drive roller [;] 



[whereby said actuator provides an electromechanical interface between said object and 
said electrical system.] 

J- (amended) An apparatus as recited in claim 34 wherein said [friction drive 
mechanism] moveable member includes a rotatable drum and said rigid portion is at least a 
P ° rtion of [havin 8J a bar > and wherein said members of said fiction drive mechanism 
include said drive bar and a drive roller coupled to said actuator, said drive roller frictionally 
engaging said drive bar to rotate said drum and transmit a force to said object in said first degree 
of freedom. 

Mr. (amended) An apparatus as recited in claim [74] ^ wherein [said friction drive 
mechanism includes a translatable drum having a drive bar, and wherein said members of said 
fiction drive mechanism include said drive bar and a drive roller coupled to said actuator, said 
drive roller frictionally engaging said drive bar to translate said drum and transmit a force to said 
object in said first degree of freedom] s aid drive bar only tangentiallv ™nt ac ts a rirn.mWnri.i 
surface of said drive roller 
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^mended) An apparatus as recited in claim 74 further comprising a second degree of 
eedom acmato><y}upled to said gimbal mechanism to generate a force along said second degree 
of freedom, wherein sald^first degree of freedom actuator and said second degree of freedom 
actuator are coupled to a Jo^niember of said [gimbal] linkage mechanism, and further 
comprising an additional friction d^Wmechanism coupled between said second degree of 
freedom actuator and said [gimbal] linkaji^hanism to transmit a force from said second 
^egreeoHrejedom actuator to said object in said seco^tdsdegree of freedom. 

■A^ST An apparatus as recited in claim ^further comprising a passive roller frictionally 
engaged with said drive bar on an opposite side of said drive bar to said drive roller. 

(amended) An apparatus as recited in claim wherein said [gimbal] linkage 
mechanism includes a closed loop five member linkage, wherein each of said five members is 
rotatably coupled to at least two other members of said linkage. 

°\M (amended) An apparatus as recited in claim^ further comprising at least one sensor 
coupled to said apparatus to sense positions of said object along said two degrees of freedom and 
which produce electrical signals corresponding to such positions for said [electrical system] host 
computer . 

fft. An apparatus as recited in claim *5 wherein said object includes one of the groups 
consisting of at least a portion of a surgical tool, a stylus, and a joystick. 



Please add the following claims: 



,J> 8&. (new) An apparatus as recited in claim & wherein said drive bar is curved such that 
said drive bar forms a portion of a circle having a radius of greater length than a radius of said 
drive roller. 




new) A force feedback interface device for interfacing the motion of a user with a 
'ost computersystan, the force feedback interface device comprising: 



a user manipulative object physically contacted by a user and moveable by said user i 
at least one degree of freedom? 



in 



an actuator coupled to said useXmanipulatable object that applies a force in said degree of 
•, freedom; 

I 

a sensor that detects motion of said user N ft*anipulatable object in said degree of freedom 
and provides a sensor signal to said host computer system; and 



a traction drive mechanism coupled between said actuator and said user manipulatable 
object, wheremforce from said actuator is transmitted to said user manipulatable object through 
frictional contact members of said friction drive mechanism , wherein said memWc „f b? ;a 
friction drive mechknism include a drive roller and a drive har in frirti ona l contact with ^ 
drive roller, said drive\oller coupl ed to and dri v en bv said artnatnr wherein saiH Hri w w ;„ 
curved such that said driver forms a portion of an arc having a rM«. o f neater lenp th th^ . 
radius of said drive roller 



84. (new) A force feedback interface device as recited in claim 82 further comprising a 
linkage mechanism coupled between saidWr manipulatable object and said friction drive 
mechanism, said linkage mechanism providingVd degree of freedom to said user manipulatable 
object. 



arcefcedback interface de^pe as recited in claim 82 wherein said drive 
roller frictionally engages said^ve^yu^ove)^ drive bar and transmit a force to said user 
manipulatable object in said degree of freedof 




8<r.' (new) A force^feedback interface device as recited in claim ,84 wherein said drive bar 
is at least partially curved ahtHs coupled to a rotating member, and wherein said frictional 
engagement rotates said rotating member. 

yf. (new) A force feedback\terface dCfae as recited in claim 84 wherein said drive bar 
is substantially linear and is couple\to a iQlating member, and wherein said frictional 
.engagement translates said translating mdnber. 

M (new) A force feedback interface device as recited in claimXrurther comprising a 
passive roller frictionally engaged with said drive bar on an opposite side of said drive bar to said 
drive roller. 
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, ^Aforce feedback interface device as recited in claim 87 wherein said passive 
/roller is spring biased^vardjsaid drive roller to create a clamping force between said drive roller 
/ and said drive bar. 



\vj) ( \ 
JO. (new) A force feedback interface device as recited in claim>< wherein said drive bar 
is flexible. 



is rigid. 



?l. (new) A force feedback interface device as recited in claim 84 wherein 



said drive bar 



S ~-T»»w^^foicefeedbMk interface device as recited in claim 83 wherein said linkage 
-chanism is a gimbal m^r^roy^ding said degree of freedom as a first degree of freedom 



CO 
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and providing a second degree of freedom to said user manipulatable object, said user 
manipulWble object being coupled to said gimbal mechanism at about an intersection of two 
axes of rotation of said user manipulatable object. 

93. (new) A force feedback interface device as recited in claim 92 further comprising a 
second actuatolicoupled to said gimbal mechanism to generate a force along said second degree 
of freedom, wherein said first degree of freedom actuator and said second degree of freedom 
actuator are coupled to a ground member of said gimbal mechanism, and further comprising an 
additional friction Wive mechanism coupled between said second actuator and said gimbal 
mechanism to transinit a force from said second actuator to said user manipulatable object in said 
second degree of freedom. 



94. (new) A friction drive mechanism for use in a force feedback interface device that is 
^ coupled to a host computerWstem and which outputs force sensations to a user, the friction drive 

k% )\j mechanism comprising: 

ST a moving member movable in a degree of freedom and providing a user manipulatable 

^ object with motion in said degree of freedom, wherein said user manipulatable object is grasped 

3 by a user; 



a drive bar directly coupled k> said moving member such that said drive bar moves in said 
degree of freedom with said moving member; 

a drive roller frictionally engaged with said drive bar and operative to apply a force to 
said drive bar when rotated by said actuator, wherein said force is transmitted to said moving 
member such that said force is applied in sWd degree of freedom; and 

a passive roller frictionally engaged \ith said drive bar on an opposite side of said drive 
bar to said drive roller. 



(new) A friction drive mech^sm as recited in claim 94 wherein said moving 
member moves lrra^otary degree of freed! 

96. (new) A frictio^drive mechaipm as recited in claim 94 wherein said moving 
member moves in a linear degree ofireedom. 



new) A friction drive mechanism as recited in claim 94 wherein said passive roller is 
fpring biased levari said drive roller to create a clamping force between said drive roller and 
said passive roller onsaidiirive bar. 



\ 
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98. (new) A fnctio>sdriye mechanism as recited in claim 97 wherein said passive roller is 
a first passive roller, and fur^comprising a second passive roller frictionally engaged with 
said.drive_bar. 



9 v >9f (new) A friction drive mechanism as recited in claim>fwherein said drive 



flexible. 



bar is 



rigid. 



> (new) A friction drive mechanism as recited in claim j*f wherein said drive bar is 



ZjteT? l&Mnew) A method for producing a force on a user manipulatable object of a force 
Redback dWe coupled to a host computer, wherein a user physically contacts said user 
r manipulatable^object, the method comprising: 

outputtingNa rotational force from an actuator to a drive roller; 

frictionally erteaging said drive roller with a drive bar, wherein said drive bar engages a 
circumferential surfaceW said drive roller approximately tangentially to said circumferential 
surface; and 

transmitting said rotational force from said drive roller to said drive bar and from said 
drive bar to a user manipulatable object coupled to said drive bar, said user manipulatable object 
being physically contacted by a user of said force feedback device. 



} 102. (new) A method as recited ih claim 101 further comprising frictionally engaging said 

\ drive bar with a passive roller on an opposite side of said drive bar to said drive roller, where said 
_HS«veiollCTis biased toward said drive rolft^ to create a clamping force on said drive bar. 

(new) A method as recited in claim^wherein said drive bar is rigid. 

S *>\hJ l '°* > ^l^ method 38 recited in claim 101 further comprising rotating said drive bar 
Hid a member coupTed^etween said drive bar and said user manipulatable object, said translation 




caused by said rotational for 



3 \ J^T(new) A method as recited in claim m further comprising translating said drive bar 
and a member coupled between said drive bar and said user manipulatable object, said translation 
caused by said rotational force. 
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